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T~ 0 Process for producing a denaturated Manganese dioxide catalyst for the hydration reaction of 
^ cyanohydrins. 
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0 A process for producing a denaturated man- 
ganese dioxide for the hydration reaction of 
cyanohydrins comprising reacting a permanganate 
seilt and a manganese (II) compound in an acidic 
aqueous solution at a temperature of 60* C to 150* 0 
is disclosed. 

The manganese dioxide catalyst obtained by the 
process exhibits a high activity over a long period in 
the preparation of an amide by the hydration of the 



corresponding cyanohydrin. 
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PROCESS FOR PRODUCING A DENATURATED MANGANESE DIOXIDE CATALYST FOR THE HYDRATION 

REACTION OF CYANOHYDRINS 



BACKGROUND OF THE INVENTION 



1. Reld of the Invention 

The present invention relates to a process for 
producing a denaturated manganese dioxide cata- 
lyst for the hydration reaction of cyanohydrins. 
More particularly, the present invention relates to a 
process for producing efficiently manganese diox- 
ide having a high catalytic activity for the hydration 
reaction of cyanohydrin in a aqueous phase. 



2. Description of the Related Arts 

The reaction for synthesizing an amide from a 
corresponding nitriie can be applied, for example, 
to the production of acrylamide from acrylonitrile or 
the production of methyl methacrylate from ac- 
etone cyanohydrin by way of cr-hydroxyisobutyric 
acid amide. The development of an excellent cata- 
lyst for the synthetic reaction of amides starting 
from the corresponding nitriles is of great signifi- 
cance from the industrial standpoint 

It has already been well known that manganese 
dioxide is used as a catalyst for the synthesis of an 
amide by the hydration reaction of a nitriie, and a 
variety of methods for preparing the catalyst have 
been proposed. For example, it is disclosed in 
West Germany Patent No. 1593320 that manga- 
nese dioxide Is prepared by reacting manganese 
sulfate and potassium permanganate in an equiv- 
alent amount at a temperature of 80*0 in the 
presence of a little excessive amount of sodium 
hydroxide. 

It is also disclosed in US Patent No. 4018829 
that 5-type manganese dioxide is suitable for a 
catalyst in the hydration reaction of acetone 
cyanohydrin. The 5-type manganese dioxide, as 
described in Z. Anorg. Allg. Chem., 309 (1961), 
pages 1 0 to 14, is produced by the reduction of a 
manganese (VII) compound in the neutral to al- 
kaline pH at a temperature of 20 to 100 ' C. 

Moreover, as the production methods of amide 
compounds from nitriles, there are disclosed a 
method for utilizing a catalyst prepared by incor- 
porating zinc into manganese dioxide which has 
been prepared from potassium permanganate and 
manganese sulfate in Japanese Patent Application 
Laid-Open No. 57534/1988 and a method for utiliz- 
ing, as a catalyst manganese dioxide which has 
been obtained by the reduction of an alkaline aque- 



ous solution of potassium permanganese with hy- 
drochloric acid in Japanese Patent Application 
Uid-Open No. 57535/1988. 

Manganese dioxide prepared by the conven- 
5 tional methods as described above has problems 
that (1) a satisfactory yield of an amide as a target 
cannot be obtained when the manganese dioxide is 
directiy used as a catalyst of the hydration reaction 
of cyanohydrins, (2) the activity of the manganese 
10 dioxide is insufficient and thus the amount of the 
catalyst to be used is increased, and (3) the cata- 
lytic activity Is rapidly lowered during its repeated 
use. Accordingly, the aforementioned manganese 
dioxide catalyst has not yet been used in practice. 
75 The present inventors have conducted re- 

searches earnestly for the purpose of producing a 
manganese dioxide catalyst for the hydration reac- 
tion of cyanohydrins free from the aforementioned 
problems. Particularly, earnest researches have 
20 been conducted on the requirements for preparing 
a manganese dioxide catalyst for the hydration 
reaction of cyanohydrins starting from a perman- 
ganate salt and a manganese (II) compound. /Vs a 
result, it has been found that a denaturated man- 
25 ganese dioxide prepared with a specified starting 
materials under a prescribed temperature condition 
exhibits an extremely high catalytic activity and a 
long lifetime as a catalyst. The present invention 
has been accomplished on the basis of such find- 
so ings. 



SUMMARY OF THE INVENTION 

35 The object of the present invention is to pro- 

vide a high active manganese dioxide catalyst for 
the hydration reaction of cyanohydrins. 

Another object of the present Invention is to 
provide a manganese dioxide which has a high 

40 activity and a long lifetime as a catalyst for tiie 
hydration reaction of cyanohydrins. 

Further object of the present invention is to 
provide efficiently an amide by the hydration reac- 
tion of corresponding cyanohydrins. 

45 That is to say, the present invention provides a 

process for producing a denaturated manganese 
dioxide catalyst for the hydration reaction of 
cyanohydrins which process comprises reacting a 
permanganate salt and a manganese (II) compound 

50 in an acidic aqueous solution at a temperature of 
60'C to 150'C. 



DESCRIPTION OF PREFERRED EMBODIMENTS 
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the present invention will be described in de- 
tail below. 

Manganese dioxide is used in the hydration 
reaction of cyanohydrins as already described 
above, in which manganese dioxide has a general 
composition of MnOi.7 to Mn02 and crystal struc- 
tures such as a, 0, y, 5 and c. Furthermore, in 
manganese dioxide, a transition between respective 
phases or a change in the crystallinity occurs so 
that its structure is very complicated and varied. 
While manganese dioxide is present in nature, It is 
usually prepared by the oxidation of manganese (II) 
compounds or the reduction of permanganate (VII). 
salts on its use as a catalyst. 

The process according to the present invention 
belongs to the process for preparing a denaturated 
manganese dioxide from an excessive amount of a 
permanganate (Vll) salt and a manganese (It) com- 
pound in an acidic aqueous solution. 

The aqueous solutions of permanganate salts 
generally have different reactivities depending on 
the properties of the solutions, particularly pH. 

In the strong alkaline condition, the perman- 
ganate releases oxygen to produce manganic acid 
(VI) with the reaction of tine equation (1): 
4l^n04- + 40H- — 4Mn042- + 2H2O + O2 
(1) 

In the neutral or acidic condition, the perman- 
ganate gradually decomposes and releases oxygen 
to form manganese dioxide with the reaction of the 
equation (2); 

4Mn04"* + 4H* — 4Mn02 + 2H2O + 3O2 (2) 
In this connection, the redox reaction of an 
aqueous permanganate solution proceeds accord- 
ing to the equation (3) under an acidic condition 
and according to the equation (4) under the neutral 
or alkaline condition: 

Mn04" -* Mn2* (3); MnO*" iVInOa (4) 

In the acidic condition, manganese dioxide is 
produced by the reaction of the equation (5) 
(Guyard reaction): 

2Mn04- + 3Mn2* 2H2O SMnOz + 4H* 
(5) 

Accordingly, in an acidic aqueous solution, 
manganese dioxide can be prepared by the reac- 
tions represented by tiie equations (2). (3) and (5) 
with an excessive amount of permanganate salt 
and a manganese (II) compound. 

The term "permanganate salt" used herein 
means one or more compounds selected from lith- 
ium permanganate, sodium permanganate and po- 
tassium permanganate. The term "manganese (II) 
compound** means one or more compounds se- 
lected from manganese sulfate, manganese nitrate 
and manganese chloride. 

The reaction is conducted at a temperature in 
the range of 60 to 150*C, preferably 70 to 130* C 
in the present Invention, 



If the reaction is carried out at a temperature lower 
than that specified above, the reaction rate be- 
comes low. If the reaction is carried out at a 
temperature higher than that specified above, the 

5 catalytic activity of the resulting denaturated man- 
ganese dioxide Is decreased. 

In the reaction of the present invention, the 
molar ratio of the permanganate salt to the man- 
ganese (II) compound is not critical, and It is usu- 

70 ally in the range of 1/1 to 5/1, preferably in the 
range of 1.2/1 to 3/1. The pemnanganate salt and 
the manganese (II) compound are used in the form 
of aqueous solutions and are respectively used in 
high concentrations within their ranges of solubility 

16 or within the ranges that will not affect stirring 
operation. For instance, if the permanganate salt is 
an aqueous solution of potassium permanganate, 
the aqueous solution is preferably in the concentra- 
tion of 1 to 3 moles/liter, if the manganese (II) 

20 compound is an aqueous solution of manganese 
sulfate, the aqueous solution Is preferably in the 
concentration of 2 to 4 moles/liter. 

As the acid in the acidic aqueous solution in 
the present invention, there is used a mineral acid 

25 such as sulfuric acid, nitric acid, hydrochloric acid 
or the like, preferably sulfuric acid. The amount of 
the add used is not specifically limited. It may be 
appropriately set depending on the situations and 
its molar ratio of the acid to the permanganate salt 

30 is In the range of 0.1/1 to 2/1, preferably in the • 
range of 0.2/1 to 1/1. 

• In the present invention, the denaturated man- 
ganese dioxide prepared as above is isolated and 
formed into tablet or molded by extrusion to give a 

35 catalyst for a fixed t>ed. or it can be used directly 
in the form of powder as a slurry catalyst, which is 
applied to a batchwise or continuous reactor for the 
hydration reaction of cyanohydrins. 

Cyanohydrins to be used in the present inven- 

40 tion include aliphatic cyanohydrins having 2 to 8 
carbon atoms. Specific examples of the aliphatic 
cyanohydrins are glycotonitrile, lactonitrile, acetone 
cyanohydrin and methyl ethyl ketone cyanohydrin. 
The denaturated manganese dioxide prepared 

45 according to the process of the present invention 
can develop a high activity with a long lifetime as a 
catalyst for the hydration reaction of cyanohydrins. 
It is also possible to produce efficientiy an amide 
by the hydration reaction of the corresponding 

50 cyanohydrin with the aforementioned catalyst. 

Accordingly, the process of the present inven- 
tion is of great industrial significance. 

The . present invention is described . below in 
more detail with reference to Examples. The 

55 present irtvention is not limited thereto. 
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(1) Preparation of catalyst: 

To a solution of 66.4 g (0,42 mole) of potas- 
sium permanganate dissolved in 250 m! of water, a 
mixture of 141 g (0^8 mole) of a 30% by weight 
aqueous manganese sulfate solution and 23.9 g of 
concentrated sulfuric acid were added rapidly at a 
temperature of 70* C, and the mixture was allowed 
to react. 

The resulting precipitate was stirred at 90 'C 
for 3 hours, filtered and washed three times with 
500 ml of water followed by drying ovemlglit at 
110* C to give 65.9 g of a black mass of man- 
ganese dioxide as catalyst 



70 
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200 ml of water followed by drying overnight at 
110* C to give 23.8 g of a brown mass of man- 
ganese dioxide as catalyst 



(2) Hydration reaction: 

A 3.5 g portion of the catalyst prepared in the 
aforementioned paragraph (1) was used to conduct 
the hydration reaction in the same manner as. in 
Example 1 , 

As the result, the yields of a-hydroxyisobutyric 
acid amide after 5 hours and 1 week were 74% 
and 41 % , respectively. 



(2) Hydration reaction: 



Comparative Example 2 



The manganese dioxide obtained in the afore- 
mentioned paragraph (1) was ground and passed 
through a sieve to give particles having size of 10 
to 20 mesh, which was packed in a glass tubular 
reactor equipped with a jacket and having an inter- 
nal diameter of 10 mm. Warm water at 60 "C was 
flown through the Jacket and a raw material solu- 
tion consisting of a mixture of 20 g of acetone 
cyanohydrin, 60 g of water and 20 g of acetone 
was passed through the reactor at a flow rate of 5 
g/hr. 

The reaction mixture after 5 hours had a com- 
position of 23% by weight of a-hydroxyisobutyric 
acid amide, 0.1% by weight of acetone 
cyanohydrin, 21.0% by weight of acetone and 
0.4% by weight of formaldehyde upon the deter- 
mination by high performance liquid chromatog- 
raphy. Such yields correspond to the a-hydrox- 
yisobutyric acid amide of 95% (based on the ac- 
etone cyanohydrin as the raw material). 

The reaction was further continued for 1 week. 
As the result of the composition analysis of the 
reaction mixture for the second time, the yield of a- 
hydroxyisobutyric acid amide was 95%. 



Comparative Example 1 



(1) Preparation of catalyst: 

To a solution of 19.2 g (0.12 mole) of potas- 
sium permanganate dissolved In 120 ml of water, a 
solution of 22.2 g (0.10 to 0.086 mole) of man- 
ganese sulfate tetrahydrate to hexahydrate and 6.7 
g of potassium hydroxide dissolved in 30 ml of 
water was added rapidly at a temperature of 70 * C, 
and the mixture was allowed to react. 

The resulting precipitate was stirred at 70 *C 
for 3 hours, filtered and washed three times with 



20 (1) Preparation of catalyst: 

To a solution of 19 g (0.12 mole) of potassium 
permanganate dissolved in 200 ml of water, a solu- 
tion of 22.2 g (0.1 to 0.086 mole) of manganese 
25 sulfate tetrahydrate to hexahydrate and 10.2 g of 
concentrated sulfuric acid dissolved in 60 ml of 
water was added at a temperature of 50* C over a 
period of 10 minutes, and the mixture was allowed 
to react. 

30 The resulting precipitate was stirred at 60*0 

for 10 hours, filtered and washed three times with 
200 ml of water followed by drying overnight at 
110* C to give 23,1 g of a brown mass of man- 
ganese dioxide as catalyst. 

35 

(2) Hydration reaction: 

A 3.4 g portion of the catalyst prepared in the 
40 aforementioned paragraph (1) was used to conduct 
the hydration reaction in the same manner as in 
Example 1. 

As the result, the yields of o-hydroxyisobutyric 
acid amide after 5 hours and 1 week were 58% 
45 and 11%, respectively. 



Comparative Example 3 

so 

(1) Preparation of catalyst: 

To a solution of 12.6 g (0.08 mole) of potas- 
sium permanganate dissolved in 120 ml of water, a 
55 solution of 22.2 g (0.1 to 0.086 mole) of man- 
ganese sulfate tetrahydrate to hexahydrate and 2.5 
g of concentrated sulfuric acid dissolved In 30 ml 
of water was added rapidly at a temperature of 
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70* C, and the mixture was allowed to react. 

The resulting precipitate was stirred at 70 *C 
for 3 hours, filtered and washed three times with 
200 ml of water followed by drying overnight at 
110* C to give 18.4 g of a black mass of man- 
ganese dioxide as catalyst 



and 80% by weight of water was passed through 
the reactor at a flow rate of 5.5 g/hr at a tempera- 
ture of 50 'C, 

As the result, the yields of lactic acid amide 
5 after 5 hours and 1 week were 97% and 95%. 
respectively. 



(2) Hydration reaction: 

A 3.5 g portion of the catalyst prepared in the 
aforementioned paragraph (1) was used to conduct 
the hydration reaction in the same manner as in 
Example 1 . 

As the result, the yields of a-hydroxyisobutyric 
add amide after 5 hours and 1 week were 94% 
and 62%, respectively. 



Example 2 



(1) Preparation of catalyst: 

A 12.8 g amount of potassium permanganate 
was dissolved in 140 ml of water, and 2.5 g of 
concentrated sulfuric acid was added thereto. 

To the resulting solution was added 22.2 g of 
manganese sulfate tetrahydrate to hexahydrate dis- 
solved in 30 ml of water at a temperature of 70* C, 
and the mixture was allowed to react. Agitation was 
continued for 3 hours at 80 *C. The mixture was 
cooled to room temperature, filtered and washed 
three times with 200 ml of water followed by drying 
overnight at 110* C to give 22.5 g of a black mass 
of manganese dioxide as catalyst. 



(2) Hydration reaction: 

A 3,5 g portion of the catalyst prepared in the 
aforementioned paragraph (1) was used to conduct 
the hydration reaction in the same manner as in 
Example 1 except that methyl ethyl ketone 
cyanohydrin was used in place of acetone 
cyanohydrin and methyl ethyl ketone was used In 
place of acetone. 

As the result, the yields of 2-hydroxy-2-m ethyl- 
butyric acid amide after 5 hours and 1 week were 
85% and 88% respectively. 



Examples 3 

The same procedure was carried out as in 
Example 1 with the exception that lactonitrile was 
used in place of acetone cyanohydrin, and that raw 
material consisting of 20% by weight of lactonitrile 



Claims 

70 

1. A process for producing a denaturated man- 
ganese dioxide catalyst for the hydration reaction 
of cyanohydrins which process comprises reacting 
a permanganate salt and a manganese (II) com- 

75 pound In an acidic aqueous solution at a tempera- 
ture of 60* C to 150* C. 

2. A process according to Claim 1, wherein the 
molar ratio of the permanganate salt to manganese 
(II) compound is 1/1 to 5/1. 

20 3. A process according to Claim 1, wherein the 
molar ratio of the permanganate salt to manganese 
(II) compound is 1.2/1 to 3/1. 
4. A process according to Claim 1. wherein the 
permanganate salt is at least one compound se- 

25 looted from lithium pemnanganate, sodium perman- 
ganate and potassium permanganate. 
5 A process according to Claim i. wherein the 
manganese (II) compound is at least one com- 
pound selected form manganese sulfate, manga- 

30 nese nitrate and manganese chloride. 

6. A process according to Claim 1. wherein the 
temperature is in the range of 70* C to 130* C. 

7. A process according to any one of Claims 1 , 2, 3 
and 6, wherein the permanganate salt Is an aque- 

35 ous solution of potassium permanganate having a. 
concentration in the range of 0.5 mole/liter to 3 
mole/liter. 

8. A process according to any one of Claims 1 , 2, 3 
and 6, wherein the manganese (li) compound Is an 

40 aqueous solution of manganese sulfate having a 
concentration in the range of 2 mole/liter to 4 
mole/Ilter. 

9. A process according to any one of Claims 1.2.3 
and 6, wherein the acid of the acidic aqueous 

45 solution is sulfuric acid, and the molar ratio of said 
acid to permanganate salt Is in the range of 0.1/1 
to 2.0/1. 

10. A process for preparing an amide comprising 
subjecting a cyanohydrin to hydration reaction with 

50 the denaturated manganese dioxide catalyst pre- 
pared by the process according to Claim 1 . 

11. A process according to Claim 10, wherein the 
cyanohydrin is an aliphatic cyanohydrin having 2 to 
8 carbon atoms. 

66 12. A process according to Claim 10, wherein the 
cyanohydrin is at least one compound selected 
from the group consisting of glycolonitrile. lac- 
tonitrile, acetone cyanohydrin and methyl ethyl ke- 



5 



9 



EP 0 412 310 A1 



tone.cyanohydrin. 



5 



70 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 





European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 



EP 90 11 3342 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wltti Indication, wnere appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIRCATION OF THE 
APPUCATION Ont. Cl^ 



A 
A 

D,A 



DATABASE WPI, no. 77-6771 OY, Derwent Publications Ltd. 
London, GB; 

& JP-A-52 095 597 (IVIATSUSHITA ELEC. IND.) 
•At>stract* 

DATABASE WPI, no. 76-59058X. Derwent Publications Ltd. 
London, GB; 

& JP-A-51 071 299 (MATSUSHITA ELEC. IND.) 
EP-A-0 379 1 1 1 (MITSUBISHI) 

* Abstract; page 3, lines 15-31 ; page 7, lines 49-53; claims 
1-7* 

US-A-3 699 164 (FINE et al.) 

DD-A-2 094 29 (VEB CHEMIE-KOMBINAT) 

DE-A-1 593 320 (REYNOLDS TOBACCO) 



1-5 



1-5 



1-12 



The present search report has been drawn up for all claims 



B 01 J 23/34 
C 07 C 231/06 



TECHNICAL RELDS 
SEARCHED Ont. CI.S> 



B 01 J 

C07C 



Place of search 



The Hague 



Date of completion of search 

26 October 90 



LO CONTE 0. 



CATEGORY OP CfTED DOCUMENTS 
X : particularly relevant if taken alone 
Y : partlcularty relevant if combined vrilh another 

document of the same category 
A: technological background 
O: non-written disclosure 
P: Intermediate document 
T: theory or principle underlying the Invention 



E : earlier patent document, but published on. or after 

the filing date 
D : document cited in the application 
L : document cited for other reasons 



&: member of the 
document 



patent family, corresponding 



BEST AVAILABLE COP^ 



